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Initials:

Problem 1 (26 Points): Potpourri — this problem has four unrelated parts.

a) Find the expression for gain A, = vyyr /vy Of the circuit below. Use the exact model for
the diode, ip = Is(e"D/VT - 1). Assume the opamp is ideal.
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b) Find an expression for the voltage v,y for the circuit below assuming i;y; > 0 and
iiv2 > 0. Use the exact model for the diodes, i, = Is(e”?/YT — 1), assuming the two
diodes are identical (same values for I and same temperature).
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Initials:

c) Identify the region of operation of M; in the circuit below whenV, =2V,V, =3V, and
Vs = —1V. Assume V;y = 1V and ignore the body-effect on threshold voltage.

d) Identify the region of operation of M; in the circuit below whenV, =3V,V, =5V, and
Vs =5V. Assume Vyp = —1 V and ignore the body-effect on threshold voltage.
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Problem 2 (20 Points): Use the following circuit and ignore base-width modulation for all
parts.

10V

Vbe(on) = 07 |74
Vce(sat) =05V
F = 100

a) Substitute the simplified large-signal model for the BJT in the forward-active region using
the constant-voltage source model for the base-emitter junction diode. Solve for the values
of I and Vg.
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Initials:

b) Substitute the simplified large-signal model for the BJT in the saturation region using the
constant-voltage source models for the base-emitter and collector-emitter voltages. Solve

for the values of Iz and I.
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c) Given your answers to parts a) and b), is Q; in the forward-active or saturation region.
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Initials:

Problem 3 (30 Points): Use the circuit shown below to answer all of the following parts.
Use the constant-voltage source model for the base-emitter junction diode of Q;. Ignore
channel-length modulation, body effect, and base-width modulation for all parts.

10V 10V

tpCox = 500 uA/V?
Ve =—1.0V

Vbe(on) =07V
Vee(saty = 05V

- =100

a) Assuming Q is kept in the forward-active region, find the numerical value of I required to
support I = 1 mA.
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b) Assuming M; is kept in saturation, find the numerical value of Vg4 required to support Iy
from part a).
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c) Find the maximum value of I allowed while keeping Q; in the forward-active region.
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Initials:

d) As Vg 45 is swept from0 to 10 V, the drain voltage V), follows the graph shown below. Label
the regions on the graphs where M; is in cutoff, linear, and saturation, specifically showing
the values of Vz; 45 at the boundaries between regions.
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e) Sketch the voltage at node V- as Vg 45 is swept from0 to 10 V. Use the graph from part d),
giving you Vj, as Vg 45 is swept over the same range, to generate your sketch. Label the
regions on the graph where Q, is in off, forward-active, and saturation.
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Initials:

Problem 4 (24 Points): A non-linear two-terminal device M has the following |-V
relationship, given in an expression and also plotted. Use this device to answer the following
guestions about small-signal analysis.

160 —

T‘l’ iy DC I?ias

+ = Point

< 90 \

v | M iy =0.01-v% A E \
= 40
B cL 10
0

Vu [V]

a) Derive an expression for the small-signal conductance i,,/v,,, linearized around a DC
operating point defined by variables I;; and V.
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b) Complete the small-signal model by drawing the circuit element in the box that should be
used to model the device in small-signal. Evaluate the value of this element at the bias
current of I; = 40 mA as shown in the graph above.
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Initials:

c) The device is used in the following circuit. Draw the complete small-signal circuit,
substituting the model for the device found in part b). Assume Ig;,5 is a DC bias current.
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(Space for additional work)
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